Objective: Labisia pumila var. alata, commonly known as 'Kacip Fatimah' or 'Selusuh Fatimah' in Southeast Asia, is traditionally used by members of the Malay community because of its post-partum medicinal properties. Its various pharmaceutical applications cause an excessive harvesting and lead to serious shortage in natural habitat. Thus, this in vitro propagation study investigated the effects of different plant growth regulators (PGRs) on in vitro leaf and stem explants of L. pumila. Methods: The capabilities of callus, shoot, and root formation were evaluated by culturing both explants on Murashige and Skoog (MS) medium supplemented with various PGRs at the concentrations of 0, 1, 3, 5, and 7 mg/L. Results: Medium supplemented with 3 mg/L indole-3-butyric acid (IBA) showed the optimal callogenesis from both leaf and stem explants with (72.34±19.55)% and (70.40±14.14)% efficacy, respectively. IBA was also found to be the most efficient PGR for root induction. A total of (50.00±7.07)% and (77.78±16.47)% of root formation were obtained from the in vitro stem and leaf explants after being cultured for (26.5±5.0) and (30.0±8.5) d in the medium supplemented with 1 and 3 mg/L of IBA, respectively. Shoot formation was only observed in stem explant, with the maximum percentage of formation ((100.00±0.00)%) that was obtained in 1 mg/L zeatin after (11.0±2.8) d of culture. Conclusions: Callus, roots, and shoots can be induced from in vitro leaf and stem explants of L. pumila through the manipulation of types and concentrations of PGRs.
Introduction
Labisia pumila, also known as Labisia pothonia in Latin, is popularly known as 'Kacip Fatimah' (Fatimah's betal scissors) or 'Selusuh Fatimah' (literally Fatimah's childbirth medicine) in Malaysia (Abdul Kadir et al., 2012) . It belongs to the family of Myrsinaceae. L. pumila is a sub-herbaceous plant with creeping stems and is mainly found in the lowland and hill forests in Southeast Asia, particularly Malaysia, Indonesia, Thailand, Laos, Cambodia, and Vietnam (Farouk et al., 2008) at an altitude between becoming scarce due to an increase in market demand, its slow growth rate in its natural habitat and logging activities in the forests (Md Ariff et al., 2013) . It is anticipated that L. pumila will face extinction and severe genetic loss if necessary cultivation steps are not taken. In this case, plant tissue culture techniques may be able to facilitate the large-scale production of valuable clones to avoid further depletion of this species from its natural habitat (Conde et al., 2008) . Significant features of in vitro propagation are the enormous multiplication capacity in a relatively short time span, the production of healthy and disease-free plants, and the ability to generate propagules throughout the year independent of seasonal changes (Christensen and Sriskandarajah, 2008) . Additionally, it is also a useful method to propagate endangered plant species with the purpose of optimizing the time and cost required to aid in preservation (Christensen and Sriskandarajah, 2008) . In view of the importance and advantages of plant tissue culture, this study aimed to determine the effects of supplementation of various plant growth regulators (PGRs) on in vitro leaf and stem explants of L. pumila.
Materials and methods

Plant materials
The in vitro leaf and stem explants of L. pumila were obtained from plantlets cultured on Murashige and Skoog (1962) medium (MS medium) containing 1 mg/L of benzylamino purine (BAP) (Duchefa, the Netherlands).
Preparation of medium
Full strength MS medium was used as the basal medium in all the cultures. The basal medium was supplemented with auxin or cytokinin at the concentrations of 0, 1, 3, 5, and 7 mg/L. A total of 30 g/L sucrose was added and the pH of the medium was adjusted with 0.1 mol/L NaOH or 0.1 mol/L HCl to 5.7±0.1. The medium was then supplemented with 8 g/L of plain agar powder (Copens, Malaysia) and autoclaved at 121 °C, 10 342 N/m 2 for 15 min. Then, approximately 25 ml medium was poured into Petri dishes. Meanwhile, to prepare MS medium in culture vials, the plain agar added was dissolved completely by heating in a microwave for a few minutes. After that, approximately 15 ml of the medium was distributed into the culture vials and covered with aluminium foil prior to autoclaving. After autoclaving, the media were slanted at 45° and stored in the culture room prior to initiation of treatment.
Effects of plant growth regulators
The leaf explants were cut into squares (4 mm× 4 mm) using sterile scalpels. Three explants were placed on the medium and the Petri dish was then sealed with parafilm. As for the stem explants, they were cut approximately into 5 mm in length using sterile scalpels. Explants were then placed on the culture vials containing MS medium supplemented with either indole-3-butyric acid (IBA) (Duchefa, the Netherlands), naphthaleneacetic acid (NAA) (R&M Marketing, UK), zeatin (R&M Marketing, UK), or kinetin (Duchefa, the Netherlands) at 0, 1, 3, 5, and 7 mg/L. All the cultures were then kept in the culture room at (25±1) °C with the photoperiod of 16 h light and 8 h dark. Cultures were observed daily for eight weeks. The effects of auxins on callus development were evaluated based on the day and degree of callus formed, percentage of callus formation as well as the morphology and texture of the callus formed. In addition, the effects of PGRs on shoot and root development were also evaluated based on the percentage and day of shoot and root formation. Additionally, the numbers of roots and shoots formed as well as the length of the longest root or shoot were recorded. The percentages of rooting and shooting for all the explants were calculated after eight weeks of culture. The number of roots per explant was also counted for each culture.
For each treatment, three replicates with three explants were carried out and the experiment was repeated twice. However, due to the limited number of explants, the experiments were carried out in five replicates with one repetition for the in vitro stem explants.
Statistical analysis
Data collected in the experiments were analyzed using SPSS Version 17.0. The means and the differences within the treatments were compared using one-way analysis of variance (ANOVA). Post hoc Tukey's honestly significant difference (HSD) test was also performed at P≤0.05.
Results and discussion
Callus induction from in vitro leaf and stem explants
For the callogenesis from the in vitro leaf explants of L. pumila, calli were initiated from the cut margin of the explants in the presence of suitable medium. Among the PGRs tested, only IBA treatments were successful in showing different degrees of callusing whereas NAA, zeatin, and kinetin failed to stimulate any callus formation from the leaf explants. MS medium supplemented with IBA showed the optimal callus induction from the leaf explants (Table 1). The highest percentage of callus formation from the leaf explants was (72.34±19.55)% in the MS medium supplemented with 3 mg/L of IBA. IBA at the concentrations of 1 and 5 mg/L recorded (66.67± 0.00)% and (33.34±11.16)% of callus initiation, respectively. Leaf explants in 7 mg/L of IBA did not show any response in callus initiation. Hard, compact, and greenish or whitish calli (Fig. 1a) were induced from swollen leaf explants in the treatments of 1, 3, and 5 mg/L.
The results revealed that there was (10.00± 4.71)% of callusing on stem explants of L. pumila var. alata in basal MS medium which was used as the control ( Table 2 ). The stem explants swelled after one week of culture and yellowish, friable calli were successfully induced from the cut edge of the stem explants after (9.5±4.5) d of culture (Fig. 1b) . MS medium supplemented with IBA showed the greatest callus induction in stem explants. The maximum percentage ((70.40±14.14)%) of callus formation was achieved in the MS medium supplemented with 3 mg/L of IBA followed by 1 and 7 mg/L IBA which attained (60.04±0.00)% and (60.00±9.43)% of whitish, compact and hard calli were induced from swollen stem explants in the medium with 3 mg/L of IBA (Fig. 1c) . Meanwhile, light green, compact and hard calli were observed from the stem explants placed in the medium supplemented with 5 mg/L of IBA. The degree of callus formation from the stem explants placed in the medium supplemented with IBA was higher than that of the calli initiated from the leaf explants. For the callus induction, an explant is normally cultured on medium containing growth-regulating substances. The in vitro stem explants of L. pumila cultured in the control medium became swollen after three weeks of culture and eventually signs of callus formation were observed in the following week, though with a low frequency of callogenesis. Typically, this was a wound reaction where the mitosis was induced in the cells from the cut surface leading to callus formation (Pérez-Francés et al., 1995) . In contrast, no sign of callus formation was observed on leaf explants of L. pumila in the control medium after eight weeks of cultivation. The leaf explants on the control medium become brown, unhealthy, and eventually died after five weeks of cultivation.
IBA is a synthetic auxin that is used commercially worldwide to initiate root growth in many species (Ludwig-Müller et al., 2005) . Auxins play an important role in the mobilization of carbohydrates in leaves and upper stem as well as in the increase of their transport to the rooting zone (Husen and Pal, 2007) . The induction of adventitious roots of L. pumila from both leaf and stem explants was preceded by callus formation in the medium supplemented with IBA. A similar observation was made by Ludwig-Müller et al. (2005) on Arabidopsis stem segments. Moreover, the low concentration (3 mg/L) of IBA was more efficient in callus induction among the four concentrations tested on both leaf and stem explants. A possible explanation for this result is that the high concentration of IBA in the medium may inhibit callus growth from both leaf and stem explants. A similar viewpoint has been reported by Khalafalla et al. (2007) where they noticed that the MS medium supplemented with 1 mg/L IBA promoted rapid growth and produced the highest callusing percentage (92.6%) whereas higher concentration (2 mg/L) induced lower callusing percentage (80.0%) on Azadirachta indica A. Juss. Further results obtained Approximately 40% of the stem explants incubated in the MS medium supplemented with 1 and 3 mg/L of zeatin showed callus initiation. Calli were initiated after (7.0±3.3) and (24.0±4.9) d, respectively, on the medium supplemented with 1 and 3 mg/L of zeatin. As the concentration of zeatin increased, the degree of callus formation decreased. Greenish and compact calli were observed from the edge of the stem, without swelling. There was no callus formation from the stem explants which were cultured in the medium supplemented with 5 and 7 mg/L of zeatin. In short, zeatin showed relatively low percentages of callus induction response as compared to IBA. Zeatin is a naturally occurring cytokinin that was isolated from Zea mays and promotes cell division in callus tissue. In addition to functioning as a shoot growth inducer, zeatin also promotes callus growth, as seen in tobacco (Yamada et al., 1972) . In the present study, both shoot induction and callus formation were induced from the in vitro stem explants of L. pumila cultured in medium containing zeatin. Cunha and Ferreira (1996) also concluded that several auxins and zeatin promoted the growth of Euphorbia characias calli.
Root induction from in vitro leaf and stem explants
Different explants responded differently to the PGRs. Among the explants used in the present study, leaf explants were found to be the best explants in adventitious root induction. This was demonstrated in terms of higher percentage of rooting, average number of roots formed per explants, and the average length of root formed on MS medium supplemented with auxins at various concentrations. Though roots were successfully induced from the stem explants, the frequency and amount of roots induced were relatively low when compared with the leaf explants. It was observed that, root generation always took place near the cut surface of the basal ends of the leaf and stem explants and roots grew into the air column above the medium. This might be due to the strong polarity in the regeneration of roots (Pierik and Steegmans, 1975) .
Among the four types of PGRs used, only auxins (IBA and NAA) were successful in inducing rooting response. Based on the results obtained, the highest percentage ((77.78±16.47)%) of root induction resulted from leaf explants in the medium supplemented with 3 mg/L IBA. The percentages of root induced from the leaf explants in the medium supplemented with 1, 5, and 7 mg/L IBA were (66.67± 5.24)%, (27.78±13.10)%, and (6.67±2.62)%, respectively. Meanwhile, the highest percentage of root formation ((33.34±15.71)%) among the four different concentrations of NAA tested was recorded in the MS medium supplemented with 1 mg/L NAA. The percentages of root formation from the leaf explants on the medium with 3 and 5 mg/L NAA were (22.22± 0.00)% and (11.11±5.24)%, respectively. The percentage of root induced from the leaf explants declined as the concentration of NAA increased (Table 3) . Data also showed that high concentration (7 mg/L) of NAA inhibited the growth of roots from leaf explants. Roots formed from leaf explants appeared as whitish, strong, and healthy (Fig. 1d) .
In the present study, roots were formed directly around the midvein of the leaf explants. This might be due to the presence of cells associated with the leaf veins, which could be readily stimulated by the addition of auxins. The use of leaf explants in tissue culture has the advantage of being a system where phytochromes can be easily manipulated to direct pluripotent cells to a particular cell fate (Nolan et al., 2003; Thomas et al., 2004; Imin et al., 2005) . Veinassociated cells are then stimulated to divide in response to auxins and grow distinctive sheet cells that originate from the vein of the leaf explants. These vein-derived cells are procambial-like and function as pluripotent stem cells with a tendency to form root meristems or vascular tissues in response to added auxin (Rose et al., 2006) . A series of experiments with Cyclamen persicum led to the conclusion that an increased density of vascular tissue will increase root regeneration as a result of the level of phytochromes and other metabolites that are present in the leaf midvein (Sreedhar et al., 2008) . Furthermore, the ability of leaf explants in producing its endogenous auxins might also contribute to the more effective adventitious root formation from the leaf than that of stem explants which lack this ability (Vesperinas, 1998) .
Among the four types of PGRs tested, only IBA and NAA were successful in showing a positive rooting response on the stem explants. Among four different concentrations of IBA tested, the highest percentage ((50.00±7.07)%) of roots was induced from stem explants in the medium supplemented with 1 mg/L IBA (Table 4) . The medium supplemented with 3, 5, and 7 mg/L of IBA, achieved (30.00± 7.07)%, (10.00±4.71)% and (20.00±0.00)% of rooting, respectively. The medium with 5 mg/L IBA showed the earliest root initiation ((15.0±7.7) d) from the stem explants while around 26 to 28 d were required for the stem explants to induce root growth in the medium supplemented with 1, 3, and 7 mg/L IBA. Roots that were formed in 1 mg/L IBA appeared to be slimmer, yellowish and blackish in color, while roots grown from the medium with 3, 5, and 7 mg/L IBA were stronger and healthier. Apart from IBA, a total of (40.00±9.43)% of the stem explants in the MS medium containing 1 mg/L NAA also showed rooting response. The percentage of root formation from the stem explants declined as the concentration of NAA increased from 1 to 3 mg/L. Besides that, higher concentrations (5 and 7 mg/L) of NAA inhibited the growth of roots from the stem explants. A significant difference in the percentage of roots formation from the stem explants between IBA and NAA tested at various concentrations was observed based on Tukey's HSD test. At 1 mg/L NAA, a longer period of (40.0±6.4) d was needed to initiate the root from the stem explants as compared to 3 mg/L which only required (15.5±7.3) d. Whitish, strong and healthy roots were formed from the stem explants in the medium with 1 and 3 mg/L of NAA. The longest roots formed from stem explants were (0.35±0.07) cm and (0.05± 0.01) cm long at the concentrations of 1 and 3 mg/L NAA, with 1.8±0.4 and 0.5±0.2 roots per explants, respectively. Stem explants that showed some degree of rooting could be due to the presence of procambiallike tissue in the structure surrounding the vascular tissue. Although stem explants are capable of inducing adventitious roots, the efficiency of rooting was optimized by using leaf explants. It was found that IBA was a much better PGR in inducing roots from L. pumila var. alata stem explant compared to NAA. Studies by Marks and Simpson (2000) found that stem explants from in vitro culture could induce root formation when treated with IBA. Similarly, the effect of IBA on root induction has been reported in plants like Caltropis gigantean (Sahoo and Chand, 1998) and Tridax procumbens (Roy and De, 1990) .
IBA has been known as a synthetic auxin for a long time and is the major auxin used commercially for the induction of adventitious roots in stem and leaf cuttings (Srivastava, 2001) . IBA is derived from indole acetic acid (IAA) via a chain elongation reaction similar to that found in fatty acid biosynthesis. Besides that, IBA can be converted to IAA after being broken down by peroxisomes through the process of β-oxidation (the same process used to metabolize fatty acids) (Roberts, 2007) . Thus, IBA may also be part of the machinery that maintains IAA homeostasis (Srivastava, 2001) .
As different concentrations of IBA were applied, different results in rooting efficiency were obtained. It showed that a specific concentration was vital in inducing rooting. In this study, the MS medium supplemented with 3 mg/L IBA demonstrated a better response with the highest percentage of rooting as well as the longest root formation on leaf explants as compared to the other concentrations of IBA tested. Meanwhile, as the concentration of IBA increased from 3 to 7 mg/L, lower rooting efficiency from the leaf explants was observed. This could be explained by the fact that auxins at high concentration may possess herbicidal properties which inhibit the adventitious root induction from leaf explants (Evans et al., 2003) .
IBA was believed to be the most suitable PGR in inducing roots from leaf explants. This was verified by the higher rooting percentage as well as number of roots formed per explant. Thus, results of this study showed that IBA was more effective than NAA in adventitious root induction from L. pumila var. alata leaf explants. Khalafalla et al. (2009) have similar results in Vernonia amygdalina. However, in another study by Leonardi et al. (2001) , the effects of IBA and NAA on in vitro rooting were similar in Grevillea rosmarinifolia. Contrary to this study, Watas et al. (1992) reported that NAA was more effective than IBA in promoting root formation in some Grevillea species. A similar observation was reported by Cozza et al. (1997) , where NAA was the best rooting hormone in Olea europaea. However, the effect of auxin on adventitious root induction and elongation is highly dependent on the plant type (Nandagopal and Kumari, 2007) .
The lower efficiency of NAA in rooting could be explained by the connection between levels of endogenous IAA and adventitious root formation. It might be due to the exogenously applied synthetic auxin (NAA) that has not been efficiently oxidized to IAA for plant cell utilization. Hence, due to inadequate supply of IAA, the explants showed lower ability in root initiation. This was evidenced by Liu and Sanford (1988) who mentioned that endogenous IAA was detected in root explants on media supplemented with NAA. Furthermore, more energy may be needed by the explants to convert the absorbed synthetic NAA from the medium to a natural form of IAA before being used by the explants. This condition could likely explain the low efficiency in root induction on explants placed in medium added with NAA. Consequently, additional energy would be used up and might eventually lead to insufficient energy needed for cell growth and development. Zolman et al. (2008) demonstrated that energy is needed in converting NAA to IAA, hence, displaying reduced responses of NAA in root elongation.
Shoot induction from in vitro stem explants
Among the explants tested, only stem explants showed shoot formation in the MS medium supplemented with IBA, zeatin, and kinetin. Zeatin and kinetin showed a better shoot induction response as compared to IBA (Table 5) . From the observation, shoot formation begins at the cut margin of the stem explant. Explants treated with zeatin showed the best response in shoot induction. A total of 100% of shoot induction was observed in the MS medium containing 1 mg/L of zeatin (Fig. 1e) . However, as the concentration of zeatin increased from 1 to 3 and 5 mg/L, there was 20% of decrease on the percentage of shoot induction to (80.00±7.07)% in both concentrations. Based on the parameters tested in this study, kinetin was found to be a superior PGR in terms of shoot formation stimulation as compared to IBA, though it did not show stimulation similar to that seen with zeatin. The percentage of shoot induction declined as the concentration of kinetin was increased, with the greatest percentage ((90.00±14.14)%) corresponding to the medium supplemented with 1 mg/L kinetin. Among all the concentrations of IBA tested, only 3 and 5 mg/L showed shoot development from the stem explants. A total of (70.00±4.71)% of the stems cultured in 3 mg/L formed shoots while in 5 mg/L, (40.00±0.00)% of them formed shoots.
In the present study, stem explants were found to be the most suitable explants in adventitious shoot induction of L. pumila. The reason could be that in all mature tissues, cytokinins of zeatin-type were predominant and they were the major translocatable form of hormone in xylem (Nandi et al., 1990; Dieleman et al., 1997) . Thus, formation of adventitious shoot was easier from the stem explants. Zeatin is a naturally occurring isoprenoid cytokinin which exists in two isoforms, trans-and cis-zeatin (Roberts, 2007) . Both isoforms have been found in a wide range of plant species, also indicating a biological function for both forms. Dieleman et al. (1997) suggested that zeatin in the xylem might be involved in the onset of axillary bud growth. It was also found to be effective for shoot initiation in Vaccinium species (Reed and Esquivel, 1991) , and for shoot proliferation of lingonberry (Debnath and McRae, 2005) and highbush blueberry (Eccher and Noe, 1989) .
Zeatin was found to be the best PGR among the other PGRs tested in inducing shoots from the stem explants of L. pumila. Similarly, it was evidenced by Molina et al. (2007) that zeatin, instead of kinetin, was most effective in shoot formation of Troyer citrange. However, the developmental response of the explants to exogenous hormones is related to the hormone concentration in the medium. This might be due to the cells within the same plant having different levels of endogenous PGRs and additional variations in receptor affinity or cellular sensitivity to PGRs (Minocha, 1987) . The developmental response could also be affected by the hormone uptake, metabolism and transport within the explant (Auer et al., 1999) . In this study, 1 mg/L of zeatin was the best cytokinin in inducing shoot growth from the stem explants. However, as the concentration of zeatin increased from 1 to 7 mg/L, the shoot length decreased from (0.63±0.41) cm to (0.35±0.04) cm. This might be due to the high concentration of zeatin that may slow down the growth of the shoot induced by changing the normal morphology of the regenerated plant. Debnath (2008) discovered that a high concentration of zeatin was more effective for the shoot proliferation of highbush blueberry. In kinetin treatment, a trend of decrease in shooting efficiency as well as in the number of shoot formation per explant was recorded in response to increasing kinetin concentration from 1 to 7 mg/L. Medium containing higher concentration of kinetin may be ascribed to toxic effects and eventually gave rise to the lowest regeneration response (Wang et al., 2007) . This statement was supported by an earlier study which stated that a low concentration of cytokinin was more effective for inducing shoot growth in Tridax procumbens L. (Sahoo and Chand, 1998) .
Despite the fact that IBA is an endogenous auxin, IBA did stimulate the initiation of adventitious shoot formation from the stem explants in this study. In plants, cytokinin is usually translocated from root to shoot in the transpiration stream, the uninterrupted stream of water which is taken up by the roots and via xylem vessels (Kuroha and Satoh, 2007) . Hence, the presence of endogenous cytokinin in the stem tissues (Nandi et al., 1990) with the addition of auxin into the medium might have eventually promoted the formation of shoot from the explants. This was shown by Su et al. (2011) who found that a low concentration of auxin combined with cytokinin might aid in shoot initiation. Hence, the ratio of cytokinin to auxin is a critical determinant of organogenesis in plant tissue culture (Xu et al., 2008) . Aggarwal et al. (2010) found that the combination of auxin and cytokinin is effective in inducing shoot from the leaf explant of Eucalyptus tereticornis.
Conclusions
In the present study, four types of PGRs IBA, NAA, zeatin, and kinetin, were tested on the in vitro leaf as well as stem explants of L. pumila var. alata. Based on the results, the explants responded differently towards the types of PGRs. Calli were induced in MS medium supplemented with IBA on leaf explants, as well as in MS medium with IBA and zeatin on stem explants. Roots were induced from explants in MS medium supplemented either with IBA or NAA. Meanwhile, MS medium added with IBA, zeatin, and kinetin promoted shoot induction from the stem explants.
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